The solar magnetic activity cycle is responsible for periodic episodes of severe space weather, which can perturb satellite orbits, interfere with communications systems, and bring down power grids. Much progress has recently been made in forecasting the strength and timing of this 11-year cycle, using a predictive flux-transport dynamo model [1, 2] . We can strengthen the foundation of this model by extending it to match observations of similar magnetic activity cycles in other Sun-like stars, which exhibit variations in their Ca II H and K emission on time scales from 2.5 to 25 years [3] . This broad range of cycle periods is thought to reflect differences in the rotational properties and the depth of the surface convection zone for stars with various masses and ages. Asteroseismology is now yielding direct measurements of these quantities for individual stars, but the most promising asteroseismic targets are in the southern sky (α Cen A, α Cen B, β Hyi), while the existing activity cycle survey is confined to the north. We are initiating a long-term survey of Ca II H and K emission for a sample of 92 southern Sun-like stars to measure their magnetic activity cycles and rotational properties, which will ultimately provide independent tests of solar dynamo models.
CONTEXT
Astronomers have been making telescopic observations of sunspots since the time of Galileo, gradually building a historical record showing a periodic rise and fall in the number of sunspots every 11 years. We now know that sunspots are regions with an enhanced local magnetic field, so this 11-year cycle actually traces a variation in surface magnetism. Attempts to understand this behavior theoretically often invoke a combination of differential rotation, convection, and meridional flow to modulate the field through a magnetic dynamo. Significant progress in this area quickly followed after helioseismology allowed
Figure 1. A flux-transport dynamo model correctly reproduces the relative amplitudes of the past 8 solar cycles, and then predicts the strength and timing of the next cycle (from [2], reproduced with permission).
the detailed characterization of the Sun's interior structure and dynamics over the past decade (e.g., the convection zone depth and meridional flow).
This has gradually led to the development of a predictive flux-transport dynamo model, which has recently been used to forecast the timing [1] and strength [2] of the upcoming solar magnetic cycle. By calibrating the relationship between sunspot area and surface magnetic flux using modern measurements, historical sunspot data going back more than 125 years could be used to test the model. After initializing the dynamo with the first several cycles, the model correctly reproduced the relative amplitudes of the subsequent 8 cycles, and was then used to predict the characteristics of future cycles (see Fig. 1 ). This is not merely of academic interest, since the magnetic maximum of the Sun is accompanied by severe space weather events. Advance knowledge of the timing and overall [3] ).
strength of the coming cycle allows us to prepare for the adverse consequences, which include the destabilization of orbiting satellites, interference with communications systems, and the disruption of power grids.
While the success of this dynamo model in reproducing the solar cycle is very encouraging, there will soon be new opportunities for independent tests using the magnetic activity cycles of other Sun-like stars. The properties of the dynamo-most notably the cycle period-are sensitive to specific physical circumstances, such as the meridional flow, the degree of latitudinal differential rotation and the depth of the convection zone. By matching the dynamo model to the single set of circumstances represented by the Sun, we risk the possibility of fine tuning, which could ultimately limit our comprehension of the underlying physical mechanisms. If we exploit the magnetic activity cycles observed in a wide variety of Sun-like stars, we can extend the calibration to dozens of unique circumstances and ensure that the physical basis of the model is more broadly applicable. Specifically, observations of stellar activity cycle periods and differential rotation profiles (from this proposed survey, and its existing northern counterpart) as well as stellar convection zone depths (from ground-and space-based asteroseismology) will allow us to test the dynamo model by inverting the implied stellar meridional flow, and comparing it to the solar case.
Although we can rarely observe spots on other Sun-like stars directly, these areas of concentrated magnetic field produce strong emission in the Ca II H (396.8 nm) and K (393.4 nm) spectral lines. The intensity of the emission scales with the amount of non-thermal heating in the chromosphere, making these lines a useful spectroscopic proxy for the strength of, and fractional area covered by, magnetic fields [4] . Disk-integrated time-series measurements of Ca II H and K emission in the Sun easily reveal the 11-year cycle (see Fig. 2 ). Similar measurements for a large sample of northern Sun-like stars began at the Mount Wilson Observatory in 1966 [5] , and continue to this day [6] .
The Mount Wilson Ca HK survey, as it is known, has revealed magnetic activity variations in Sun-like stars with cycle periods ranging from 2.5 to more than 25 years. The frequent time sampling for 111 stars since 1980 also allows the measurement of rotation periods, from the repeated signature of individual active regions rotating into view and then out again. In some cases the rotation periods appear to drift over longer timescales, due to the migration of active regions to lower latitudes which are rotating faster (the same mechanism that is responsible for the "Butterfly Diagram" on the Sun). Thus, it is sometimes possible to measure or place limits on the degree of latitudinal differential rotation in other Sun-like stars. Early analysis of the Mount Wilson data revealed an empirical correlation between the mean level of magnetic activity and the rotation period normalized by the convective timescale [7] . The data also established a relation between the rotation rate and the period of the observed activity cycle, which generally supports a dynamo interpretation [8] .
It was several decades before similar observations were conducted for a large sample of Sun-like stars in the southern sky [9] . These data confirmed the bimodal distribution in mean stellar activity levels first seen in the northern sample [10] , but they could say nothing about activity cycles because the data were confined to a single epoch of observation. Another decade has passed, and there is still no time-domain survey of Ca HK emission in southern Sun-like stars. This is particularly disappointing in light of the fact that the most promising candidates for asteroseismology, which will soon allow the direct measurement of stellar convection zone depths (see Fig. 3 ), are stars in the southern sky-most notably the brightest solar-type stars α Cen A, α Cen B, and β Hyi which has long been studied as a "future Sun". Solar-like oscillations have already been detected in these stars [11, 12, 13] , but tests of solar dynamo models will not be possible until their magnetic activity cycle periods are established. There is some evidence from sparse xray observations of α Cen A that it may exhibit an activity cycle as short as 3.5 years [14] , despite the fact that it is only 10% more massive than the Sun and just slightly older. A firm measurement of the cycle period in α Cen A, particularly when combined with forthcoming asteroseismic data, could provide a very stringent second test of the flux-transport dynamo model.
PROJECT GOALS
We are proposing to initiate a long-term survey of Ca II H and K emission for a sample of southern Sun-like stars, establishing a southern counterpart of the Mount Wilson Ca HK survey.
During at least the first two years, we will monitor the sample with sufficient frequency (several times per week) to measure the rotation periods, and to place limits on the degree of latitudinal differential rotation. For those stars with the shortest activity cycles, we will either directly measure or provide firm upper limits on the cycle period. By comparing our observations to those from the singleepoch survey in 1996, we will also establish interesting limits on the cycle period for those stars with the slowest variations in activity. These initial results, particularly the analysis of α Cen A, will provide a compelling justification for the continuation of the survey through external funding.
Our longer-term goal, which extends beyond the two-year period covered by our proposal, is to position NCAR as a leader in the observation and interpretation of magnetic activity cycles, complementing the role of the Mount Wilson Observatory in the north. We will constitute a direct link to facilitate the use of magnetic activity cycles and asteroseismic data to calibrate solar dynamo models, bridging a gap between the solar and stellar communities. At the very least, we plan to measure the activity cycle periods and rotational properties for a complete sample of 92 southern Sun-like stars, but we also hope eventually to upgrade the instrumentation and enlarge the sample as resources allow.
METHODOLOGY
The single-epoch survey of Henry et al. (1996) contained a total of 1016 observations of 815 individual stars with visual magnitudes between 0.0 and about 9.0, which were observed using the RC Spec instrument on the CTIO 1.5m telescope. The full survey was completed in 11 nights of observing time with typical integration times between 1-10 minutes, implying an average data acquisition rate of about 90 observations per night. Several sub-samples were defined, including the "Best & Brightest" (B) and "Nearby" (N) samples, which together contain 92 individual stars with visual magnitudes between 0.0 and 7.9, and B−V colors that are approximately solar (see Table 1 ). All three of the most promising southern asteroseismic targets (α Cen A, α Cen B, and β Hyi) are included in this combined (B+N) sample. Since it is a full magnitude brighter than the complete sample, integration times will often be shorter-but the overhead of slewing the telescope between more widely dispersed targets will require more time between observations. Thus, we can expect a data acquisition rate roughly comparable to that achieved during the 1996 survey. The CTIO 1.5m telescope is now operated by a consortium of about a dozen partners, known as SMARTS 1 (Small and Moderate Aperture Research Telescope System). This consortium runs the telescope in queue mode, with observations collected by a trained technician and made available for download by the principal investigator. Every 4-6 weeks the technician cycles between two available instruments (RC Spec and a broad-band infrared imager). In practical terms, this means that RC Spec is available for an average of 26 weeks per year. It is important to note that SMARTS operates the only southern telescope run in queue mode with an aperture and instrument that are appropriate for this project. Aside from a dedicated survey telescope like the one at Mount Wilson, SMARTS is the only option that makes a time-domain survey like this one feasible.
The SMARTS consortium is currently seeking a new partner for 2007, who can contribute at the level of $50,000 per year in return for the equivalent of 40 nights of observing time. Operating in queue mode, this allocation will allow us to obtain exposures for the entire available B+N sample (around 40 stars visible on any given date) three times each week whenever RC Spec is on the telescope. Over time, this sampling rate has proven sufficient to determine the rotation periods for many of the stars in the Mount Wilson survey [7] , and in some cases allows a measurement or limit on the degree of latitudinal differential rotation.
DISSEMINATION
The results of our survey, including raw and calibrated time-series measurements of the Ca HK emission for the entire B+N sample, will be made available without restriction through the project web-site. Updates will be made approximately once every two months, after each epoch of observation with RC Spec through the SMARTS queue scheduling system, which cycles between two available instruments at 4-6 week intervals. At the end of the first two years, we will publish the initial results of the survey in a refereed journal to advertise the availability of the data to the entire community. We will also promote the inclusion of the data in all appropriate future Virtual Observatory projects.
